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I. Introduction 
Cyclic l~ucleotide-independent ATP:protein phos- 
photransferase (protein kinases, PK) activities have 
been described in mammalian tissues [ 11. Criteria for 
their characterization have been established [2] and 
highly purified preparations have been obtained by 
several research groups f3-71. Although these PK 
have been suggested to be involved in the modulation 
of key metabolic pathways [S-lo], possible regula- 
tion and intracellular effecters of their activity remain 
to be defined. 
We have reported the characterization in bovine 
adrenal cortex of a soluble cyclic nucleotide-indepen- 
dent casein kinase (CK) activity [ 111. This activity 
has subsequently been shown to represent several 
enzymatic moieties which could be classified into two 
groups according to their properties [ 12,131: a type A 
casein kinase (CKA) using only ATP and a type G 
(CKG) using GTP as well as ATP as phosphoryl donor. 
It was then found that an endogenous inhibitory 
factor, specifically directed toward CKG activity 
(CKG I) was present in the same tissue. The inhibitor 
was isolated and characterized as a heat-stable protein 
moiety [ 141. The presence of CKG I led to a mostly 
inhibited CKG activity in crude adrenal cortex 
cytosol, suggesting that a CKG-CKG I interaction 
might represent a potential regulatory pathway of 
CKG activity in intact cell [ 141. 
Here we report the observation that several 
naturally occuring polyamine structures can reverse 
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the inhibitory action of CKG I upon CKG activity. 
A CKG-CKG I association is demonstrated to occur 
using purified components and dissociation of the 
enzyme-inhibitor complex is promoted by the 
presence of polyamines. In addition, saturable bind- 
ing of polyamines to CKG I is observed. These data 
allow the proposal of a model as a working hypothesis, 
in which polyamincs appear as potential intracellular 
effecters regulating CKG activity via an action upon 
the CKG-CKG I couple, in addition to a direct 
stimulating effect on the enzyme. 
2. Material and methods 
[y-32P] ATP (20 Ci/mmol) and [Y-~~P] GTP (25 Ci/ 
mmol) were purchased from the Radiochemical 
Center (Amersham) and i3H] spermine (2 1 Ci/mmol) 
from New England Nuclear. Casein (Merck) was 
treated according to [ 151 before use. Unlabeled pofy- 
amines were obtained from Sigma. 
2.1. Casein kinase of the G-@pe (CKG) 
This was isolated from adrenal cortex cytosol after 
phosphoce~ulose chrol~atograplly as in [ 12,14]. CKG 
was further purified by an affinity chromatography 
step through a casein-Sepharose column according to 
[ 161. Details of the procedure and properties of the 
purified enzymatic preparation will be reported else- 
where. 
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2.2, G-type casein kinase inhibitor (CKG I) 
This was obtained either from bovine adrenal 
cortex or lung tissues, by the procedure in [ 141. 
2.3. Protein kinase assay 
This was performed under the incubation condi- 
tions [ 171, with the trichloroacetic acid precipitation 
step from [ 181. The 80 1.11 standard reaction mixture 
contained SO 1.11 CKG preparation or a 50 ~1 mixture 
of enzyme, inhibitor and/or effector as indicated and 
30 ~1 TDG buffer (25 mM, (pH 7.5) Tris-HCl con- 
taining 1 mM dithiothreitol and 2% glycerol) con- 
taining 60 pg casein, [y-32P]ATP and MgClz as 
indicated. The reaction was initiated upon addition 
of the enzyme and run at 30°C under linear conditions 
with regard to time and enzyme concentration. 
2.4. Sedimentation studies 
These were performed in linear sucrose (5-20%) 
density gradients in TDG buffer spun at 127 000 X g,, 
in a MSE SW-50 rotor at 4°C for 10 h. Glucose 
oxidase (s20,w 7.8) and bovine serum albumin (BSA, 
s20w 4.3) were used as protein calibration standards. 
2.5 . Protein measurements 
These were performed using the method in [ 191. 
Radioactivity was determined in Bray’s solution [20] 
with a Nuclear Chicago scintillaticn spectrometer. 
3. Results and discussion 
3 .l . Effectofpolyamines on CKGand CKG Iactivities 
Increasing concentrations of spermine were intro- 
duced into a series of incubations carried out with a 
constant amount of CKG under two sets of conditions: 
(i) without CKG I; (ii) with a constant amount of 
CKG 1 in order to yield about 70% inhibition of the 
casein kinase activity in the absence of spermine. The 
enzymatic activity and the extend of its inhibition 
obtained when spermine was increased from O-2 mM 
are plotted in fig.1. In the absence of CKG inhibitor, 
spermine exhibited a stimulating effect upon CKG 
activity, rapidly increasing at > 0.1 mM polyamine 
and reaching a plateau at -2 mM. This effect has been 
reported with bovine adrenal cortex casein 
kinases [ 131 and various cyclic nucleotide-indepen- 
dent protein kinases from other sources [21-231. 
I 
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I 
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Fig.1. Effect of spermine on CKG activity in the presence 
and absence of CKG I. Incubation mixtures in final vol. 80 ~1 
were: TDG buffer containing 60 ng casein, 10m4 M [-y-32]ATP 
(spec. act. 100 cpm/pmol), 2 mM M&l,, spermine concentra- 
tions as indicated and either 0.09 fig CKG I (o-o) or no addi- 
tion of CKG I (0-0). The reaction was initiated by the addi- 
tion of 0.048 tig CKG. Corresponding % inhibition of CKG in 
the presence of CKG I were plotted (+- - -+). Each point was 
the mean of 3 replicates. 
Most interesting was the finding that at low spermine 
concentrations (GO.1 mM), the inhibitory effect of 
CKG I upon CKG activity was progressively abolished, 
falling from 70% (no spermine) to <lo% (80 E.IM 
spermine) inhibition. The specificity of this effect 
was examined using various naturally occuring poly- 
amines at a concentration for which the direct CKG 
stimulation was minimal. As shown in table 1, 
spermine appeared the most effective agent able to 
promote the reversal of the CKG I inhibitory action. 
Table 1 
Effect of various polyamines on CKG activity in the presence 
and absence of CKG I 
32P incorporated (pmol/min) % inhibi- 
tion 
No CKG I +CKGI 
Control 2.62 + 0.06 0.63 f 0.01 75.9 
Spermine 3.13? 0.03 2.42 k 0.06 22.7 
Spermidine 2.51 + 0.05 1.01 f 0.09 59.8 
Cadaverine 2.21 f 0.03 0.61 + 0.05 72.4 
Putrescine 2.29 * 0.08 0.65 f 0.07 71.6 
Assay conditions were as in fig.]. Polyamines were tested at 
final cont. 20 PM. Each point was the mean of 4 replicates 
(6 replicates for the control) 
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The effectiveness of the other structures sharply 
decreased as the polyamine chain was shortened. These 
data suggest hat polyamines may be able to reverse 
the effect of CKG I upon CKG activity. However, 
since a substrate (~ase~)-pol~a~~~i~~e interactjon has 
been suggested to explain the stimulatory effect of 
these polycations on protein kinase activity [24], a 
demonstration of a CKG-CKG I interaction was 
attempted and the effect of spermine on this process 
was examined. 
3.2. ~~di~~~nt~t~o~~ studies 
Purified CKG and CKG I preparations could be 
independently characterized upon density gradient 
centrifugation, as shown in f&2. Purified CKG sedi- 
mentation behavior (fig2a) was greatly influenced 
by the presence of polyam~e in the medium (fig.2b), 
thus both conditions were included as proper control 
Y 
FRACTION NUMBER 
Fig.2. Analysis of the CKG-CKG I interaction by sucrose 
density gradient centrifugation. Sucrose gradients (j-20%, 
w/v) were prepared in TDG buffer containing 0.05 M NaCl 
and 2 mM MgCl, (a,c,d) or 2 mM M&l_ and 0.5 mM sper- 
mine (b,e). Loaded samples contained in 100 ~1: (a,b) 2.4 gg 
of CKG; (c) 0.88 pg CKG I, (de) 2.4 ~lg CKG and 0.88 ng 
CKG I. Centrifil~~t~on was carried out at 127 000 X ga, for 
10 h. CKC activity was assayed on 5 ~1 ahquots of coilecred 
fractions with a reaction mixture containing 10e5 M 
[r-‘*PfATP @pee. act. 1000 cpm/pmol), 50 mM MgCl, and 
60 ~g (*---0) or 600 gg (A---A) of casein. Inhibitory 
activity (o- ” -0) was assayed on 30 ~1 aliquots of heat-treated 
fractions (I min, 100°C) in the presence of 0.048 fig CKG, 
lo-’ M [r-32PjATP, 60 ~g casein and SO mM MgCl,, in TDC 
buffer 1141. Glucose oxidase (Gf, bovine serum albumin (R) 
were used as marker proteins. 
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experiments. This effect of spermine upon the 
physi~~)chemi~al properties of CKG may suggest hat 
the stimulatory effect of the polyamine on the enzyme 
activity involves a direct effect upon the enzyme 
molecular organizations. The inhibitor e~~libited a
sed~~~entation coefficient of -2.5 S which was not 
influenced by the presence of polyamine (fig2c). 
Figure 2d shows that when CKG and its iIlhibitor 
were mixed before density gradient analysis, a signif- 
icant part of the CKG I activity was found associated 
with the enzymes. Althou~l this obse~a~~on will 
need quantitative studies to assess the type of inter- 
action invoIved, it was interpreted as showing that 
CKG and CKG I associate into a molecular complex. 
This association might have been expected since 
CRG I was significantly inhibited under these con- 
ditions. However, it may be pointed out fhat when 
casein concentration was increased in the assay (fig2d), 
the inhibitory action of CKG I could be reversed as 
the result of a substrate-jnl~ibitor competitiotl~ as 
in [ 141. As depicted in fig2e, addition of spermine to 
the CKG-CKG I mixture promotes the dissociation 
of the enzyme-inhibitor complex, and restores the 
CKG activity to the uninhibited level, white the 
s~diinentation behavior of the enzyme was also 
shifted as expected from the control experiment 
(fig.‘Zb). 
These data clearly demonstrate a CKG-CKG I 
affinity leading to a mofecular association of the two 
components corresponding to an inhibited form of 
the enzyme. A polyamine is able to dissociate the 
complex, therefore reversing the inllibitory effect of 
CKGl. 
The lnech~ism of this polyam~e effect might 
involve an interaction with the casein kinase moiety 
and subsequent modification of the enzyme molec- 
ular structure with a parallel loss of its affinity for the 
inhibitor. Although such a process was suggested by 
the effect of relatively high concentrations of spermine 
(e.g., 0.5 mM) upon sedimentation properties of CKG 
(see f&2), much lower polyamine concentration 
(SO &I) was sufficient to promote almost total rever- 
sion of the inhibitor effect (see &.I). The alternative 
process, i.e., interaction of the polyamine with the 
inhibitor was examined in further experiments. 
3.3. CKG I--po&aminc interaction 
The inhibitor preparation was incubated with 
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[3H]spernune and the mixture passed through a 
Sephadex G-75 column. As observed in [ 141 CKG I 
was excluded from the gel whereas spermine was 
retained on the column. As shown in fig.3, radio- 
activity was found associated with CKG I eluting 
from the column, thus demonstrating that the 
inhibitor is able to bind the polyamine. That this 
binding represents a saturable process was demon- 
strated by the fact that addition of unlabeled sper- 
mine to the mixture displaced the bound radioactivity 
(fig.3). Quantitative study of this binding process is 
currently in progress, especially in order to define the 
affinity of various polyamines toward CKG I and 
CKG, respectively. 
From the aforementioned data, one might propose 
that at low concentration (i.e., < 0.1 mM in the case 
of spermine) polyamines associate to CKG I; this 
phenomenon is concomitant with reversal of the 
inhibitory CKG I effect and a minimal CKG activa- 
tion by a direct effect on the free enzyme (see fig.1). 
On the other hand, at higher polyamine concentra- 
tion (i.e., > 0.1 mM spermme), the CKG-CKG I 
FRACTION NUMBER 
Fig.3. Spermine binding to CKG I. CKG I(4.4 ng) in 50 nl 
TDG buffer containing 10’ cpm [ ‘H] spermine (o- - 4) or 
lo5 cpm [‘HI spermine and 1 mM spermine (o- - -0) were 
incubated 5 min at 25°C before being loaded onto a Sephadex 
G-75 column (0.6 X 10 cm) which was eluted with TDG 
buffer. Radioactivity was measured in the collected 100 ~1 
fractions. 
complex is dissociated (and the CKG I effect con- 
sequently abolished); a direct effect of the polyamine 
on the enzyme leads to further increase of CKG 
activity. 
It may thus be possible to visualize these data by 
the following equilibrium which is proposed as a 
working hypothesis: 
CKG-CKG I t polyamine z CKG I - polyamine + CKG 
(inactive complex) (active enzyme) 
The active enzyme, after dissociation from its 
inhibitor, being possibly subjected to additional 
stimulation by a direct effect of an excess polyamine. 
Further, studies are obviously needed to establish the 
validity of this hypothesis as a general scheme which 
may represent a target for polyamine action at ‘phy- 
siological’ concentrations. The CKG-CKG I couple 
would represent a possible link between polyamines 
and cyclic nucleotide-independent phosphorylation 
processes, both being potentially important factors in 
the control of cellular growth and differentiation 
[25]. Studies are in progress to define more completely 
the proposed model and other possible effecters 
before examining its validity in the intact cell. 
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